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(54) Method of removing contamination adhered to surfaces and apparatus used therefor 

(57) A method of removing surface-deposited con- 
taminants, comprising bringing an ozone-containing Fig. 7 
treating solution into contact with the surface of a treat- 
ing target on which contaminants have deposited. The 
ozone-containing treating solution comprises (88) an 
organic solvent having a partition coefficient to ozone in 
a gas, of 0.6 or more, and ozone having been dissolved 
in the solvent. Contaminants having deposited on the 
surfaces of various articles including substrates for 
electronic devices, such as semiconductor substrates 
and substrates for liquid crystal display devices can be 
removed by room-temperature and short-time treatment 
in a high safety and a good efficiency. 
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nurunanx IMP OF THF INVENTION 
5 1 pjplri of the Invention 

to remove their organic contamination. 
2 Inscri ption of the Prior Ar t 

so In has the action to decompose and remove organic matters even ^^^^^^S^ 
40 ered to be most greatiy effective for the action to remove fine P^^^^^^^ the ciean- 
Zn, Ni and the .ike in the treating solution tend for semiconductor 

ness of treating solutions and cleaning baths Accorchngry it has become a con ^ 

This is a method in which, since ozone water having a concentration of 20 to ju ppm is ou 
Cleaning solutions for piranha treatment are repeatedly used in view of economics aav* y 
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that methy. si.icoo iayers ascribabie to HMDS in positive-resist primer, .are removed to ^^f^JJ^ 
it is difficult to do so for piranha cieaning -.utions ha^ng of sulfuric 

Under such circumstances, it is sought to solve these probiems to provide an improved cieaning method. 

40 

SJ 'M^ A iRY n F TH F INVENTION 

[0011] According.y.anobiecttothepresentinventionistoprovideamethc^fbrd 



3 



EP 1 088 603 A1 

ozone havinq been dissolved in the solvent. 

[0016] As a preferred embodiment of the above method, the present invention also provides a 
urfece^eposited contaminants, comprising forming a running film (i.e.. a running liquid 

the above ozone^ontaining treating soiution on the surface of a treating target on wh.ch ^^"^^^ 
and bringing the ozone-containing treating solution into contact with the surface of the treahng target wh.le replenish mg 
the kJng solution continuously or intermittently to the running film to move the so.ut.on J* ^ 8 J^ jn . 
[0017] This method is attributable to a specific organic solvent such as acebc ac.d .n wh.ch ozone « ^soluble _n a 
quanttty about 10 times that in water, which is a quantity large enough even for the ozone ,n the runn mjr to«*on 
?he surface^eposrted contaminants. As .ong as the ozone concentration in the ^^J^^^S 
the running filrnTs higher than the equilibrium concentration with respect to ozone .n the ^^ ow^e^ M- 
fases into the running film and the ozone concentration in the solution increases up to nearly a saturat.on pant ,n a 



moTs Accordingly as another preferred embodiment of the above method, the present invention st.ll also provides 
L method oSS u^eposited contaminants, comprising forming a running film of the above organ.c solvent 
Ttte surface Ta^eating target on which contaminants have deposited, and bringing the ozone-contain.ng treat ng 
To^TJis^ the surface of the treating target while replenishing the organic solvent cont.nuously or m ie, 

face of a treating target, the features of which will become apparent from the following descr.pt.on. 
20 p RIFF DFBCR i pTION OF THE DRAWIN GS 
[0020] 

Fig. 1 is a diagrammatic illustration of an instance where the present invention is carried out by immersion of treat- 

RglTstdiagrammatic illustration relating to the treatment of ozone exhaust gas containing acetic acid 
Fig. 3 is a cross-sectional illustration of an apparatus for running-film flow-down type treatment made by spraymg 
an ozone acetic acid solution according to the present invention. m „ womon , ^ treatment 

30 Fig 4 is a cross-sectional illustration of an apparatus for sheet-by-sheet running-film movement type treatment 
made by dropping an ozone acetic acid solution according to the present invention. . mrtenh<w n f 

Fig 5 is a crass sectional illustration of an apparatus for dichloromethane vapor cleaning in an atmosphere of 

35 central (dotted line: ozone concentration of 220 pom; dotted chain line: ozone oon^cf^ and 
The relationship between acetic acid concentration of ozone-saturated hydrous acetic ac.d and stnpp.ng rate 
against a novolak resin resist (solid line). i™»ntion 
Fig. 7 is a diagrammatic illustration of a resist-removing apparatus according to the present .nvention. 

40 P FSCR1PTION n F THF PREFFRRFD FMRODIMENTS 

T0021 1 The present invention provides a treating method and apparatus in which, when surface-deposited contam- 
nants are remove? an ozone-containing organic solvent solution having been used in cleaning treatment ,s returned 

so are Se to ozone. More speedily, in this circulating process, a purification that is "««^^ d ^ 

Z, is effected, and the lifetime of the treating solution for cleaning can be made longer. Thus, the jm>s £wac 
tensTc ^and effective treatment of the present invention can be made, promising very great economical advantages 
00221 ThromanTc solvent so.ufion may be fed by spraying the solution, where the movement of solut.cn m the 
5 a fil l! „ e Tunning film) may be flow-down, or a flow formed by centrifugal force. Also, th.s solut.on may be fed 

55 asThe" resSat k^SJKftom the solution having been heated liquefies on the surface of a cooled treaty 
farce! n such a case.The deposited contaminants are removed in a vapor cleaning mechanism ut.l.zing the flow-down 
Sic Praduced by condensation. Thus, the present invention also provides an apparatus ^^^^ 
having deposited on the surface of a treating target in which apparatus the movement of the runn.ng film on the treating 
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target surface by the feeding of such an organic solvent solution is effected in a chamber into which ozone gas is intro- 

SUai In the present invention, when the contaminants having deposited on the surface of a treating I target are 
removed with an organic solvent, molecules of the organic solvent becomes adsorbed conversely a Mile on the treating 
M surface ^hey however, are in an adsorption on the level as low as 10« to 10« atoms/cm as carbon concentra- 
fon ThisTs due tale fact that, even though the organic solvent contained in the solution brought ,nto contact w.th the 
S-eating targeUs an organic matter, carbon atoms are present in the molecule in a small quant, y and a, S o the ozone 
S3 Sther is in a very high concentration. This is most characteristic of the present .nvent.on^Also, tte organic 
maSr hS adsorbed has a weak adhesion to the treating target, and the carbon concentration can further be lowered 
,o tote ZZ of as low as 10« atoms/cm* with ease by oxidative treatment. The oxidative treatment may .nclude e g 
oxidative cleaning such as deaning with alkali-hydrogen peroxide, and oxidizing treatment w.th ozone under ,rmd,a on 
by uSolet rays of 184.9 nm and 253.7 nm. Also, when the treating target surface .s compnsed of sM,con ox.de fjm 
^surface ,ayer may slightly be stripped with dilute hydrofluoric acid, whereby the adsorbed molecules can be removed 
to a carbon concentration level close to the foregoing. '«..., „,ne w ™rp 

15 [00241 In the present invention, an organic solvent having a partition coeffic.ent to ozone .n a gas, of 0.6 or more 
s used which is commonly a non-polar organic solvent. The partition coefficient. D. refers to a parM.on coefficient of 
ozonfbetween the organkfsoivent that is in a liquid phase in a standard condition and an inert gas ,n a gaseous-phase 
condition that comes into contact with the organic solvent. More specifically, it is represented as: 
20 D = saturated ozone concentration in organic solvent (mg/L)/equilibrium ozone concentration in gas (mg/L). 

[0025] The organic solvent used in the present invention may preferably have a partition coefficient of 1^0 or more 
m or preferably 15 or more, and still more preferably 2.0 or more. Any organic solvents ^-g^^J^S 
invention without any particular limitations as long as they are organic solvents hav,ng a part Aon - » 
25 a gas of 0.6 or more Organic solvents preferable in view of influences on env.ronment san.tat.on and I sc . forth are fatty 
aS'(caLcylic acids) represented by the formula: C n H 2n+l (COOH)(n is an integer of 1 . 2 or 3) ™ d * ch [°">™^ 
The fonTr fSty acids are particularly preferred. The fatty acids may include acetic ac.d. prop.on.c ac.d and butyr.c acd. 
Any of these organic solvents may be used alone or in the form of a mixture of two or more. 

[0026] In the present invention, the treating solution may preferably be .n an ozone o^Mm of 100 ppm or 
so higher and more preferably 200 ppm or higher. If it is in an ozone concentration lower than 100 ppm. no sufficent con- 

9 atWc and Thence an ozone solution having a concentration about 10 times higher than that of pure water .s obta.n- 
II Hence, they exhibit a contaminant removing ability much higher than that of ozone water. The , deamng , treajmem 
35 may be made by immersing the treating target in this ozone solution, but may preferably be J^^jJ^* 
running film, uti zing the feature that these organic solvents have a very small surface tens.on, wh.ch .s 30 udyn/cm or 
snS The solution readily spreads in the form of a film over the whole treating target surface. Here the movemen of 

action of Z solution so that the removal proceeds in a good efficiency. Any fine particles caught by deposed organ c 
40 ma^rs are aL readily removed because the organic matters, having a small surface tens.on. d,ssolves and the result- 

mW^] ,Uti0 o7rh?s S e carboxylic acids, the acetic add, n = 1 , is preferred in view of price, commercial availability for high- 
punty products, and toxicity It has a melting point of about 16°C. and may be difficult to handle ,n some aspect but has 
no oroblem at usual clean room temperatures and is advantageous in respect of its recovery as stated later. The prop.- 
45 onic a^d n = 2 Ss tmelting point* about -20°C. and hence any treating targets liable to be attackedby ^c,ds « 
be subjected to low-temperature treatment where the acid acts weakly and the ozone can be .n a h.gh .^ncen^ 
Th ^butyric add n = 3. nas an ignition point of 72°C. which is higher by about 20°C than the acet.c acd or prop.on.c 
add. wlen the reaction should be accelerated by heating, the treatment may be made at a temperature dose to 70 C. 

50 [0 V 029] 9 3 The'acetic acid, when it contains water slightly, may more readily dissolve organic salts and 

used with greater ease because of its lower freezing temperature. Ozone solutions with a suffic.ently h.gh «nce^° n 
^iHbSnrf as D = 1.7 even in a purity of 97%. D = 1.5 even in a purity of 95%. D = 1.3 even m a punty of 90 /<,. 
and 1 1 even in a purity of 85%. Hence, metal contaminants can simultaneously be well removed when water con- 
taining 5% by volume of an inorganic acid, in particular, hydrofluoric acid is added to the acefc aod. S.nce such h gh 

55 Mues are obtainable, acetic acid of 85% or higher purity may be bubbled with ozone gas through , a targe ^number of 
fine holes, the ozone gas being generated in a high-purity ozone gas "-^■r^^^ 0 jSES in 
solution can be 100 ppm or higher even when the ozone concentration .n gas .s about 100 mg/L. wh.ch is appl.cable in 
HrTse" invention The ozone concentration in solution becomes 200 PP m or higher in few m.nutes when ozone gas 
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with an ozone concentration of 200 mg/L is used. 

[0030] As an exhalation means for bubbling with the ozone gas, a glass filter may be used, whereby the ozone con- 
centration can be brought to a concentration close to saturation in about 5 minutes, and can be enhanced up to nearly 

[0°0°3i? m Where an ozone gas with an ozone concentration of 300 mg/L is used, the ozone concentration in solution 
increases proportionally according to the Henry's law. Even when the water content in acetic acid is made larger to 30% 
to make treatment, especially making much more of the safety of a treating apparatus, the ozone concentrate in solu- 
tion becomes 200 ppm or higher, and the effect of cleaning treatment of the present invention can sufficiently be 
obtained The solution having such an ozone concentration is in very clear bluish purple. Density of this color correlates 
io positively with ozone concentration, and hence the ozone concentration in solution can be managed at a predetermined 
value by simple colorimetry. . 
[0032] When it is not desired to use acids or water-soluble solvents having a possibility of causing corrosion after 
treatment dichloromethane is preferred as the organic solvent. It has a partition coefficient of D = 2.0, may hardly cause 
ozone to decompose, and has a relatively low toxicity. Also, dichloromethane is suited when the present invent.on is 
,5 practiced by means of a vapor cleaning mechanism. When practiced in a solution of mixture with acetic acid, the con- 
taminants can be removed much more effectively. . . . . 
[0033] In the case when a carboxylic acid is used in the present invention, substrates for electronic industry are 
most suited as treating targets. Any deposited contaminants appearing upon adsorption from environmental atmos- 
phere or upon contact with organic materials can be removed with ease. In particular, positive novolak res.n resists on 
20 silicon oxide films can be removed at a stripping rate of 1 urn/minute to 6 nm/minute. which is higher by nearly two fig- 
ures than the conventional. In the case of dichloromethane. metal workpieces or glass workpieces are suited as treating 
targets and in water-drop contact angle evaluation a cleaned surface superior to the case of sole use is obtainable 
when oily contaminants or pitch and wax are removed. The treating targets may preferably be in the shape of sheets or 
plates, but not limited thereto as long as the running film may move unevenly. 
25 [0034] In practicing the present invention, the treatment must be made in a chamber or draft (draft chamber) kept 
hermetic so that harmful ozone gas may not contaminate environmental atmosphere. Although the organic solvent may 
relatively less vaporize because of room-temperature treatment, any external contamination due to such vaporization 
can also be prevented at the same time. An exhaust tube extending from this hermetically closed chamber is connected 
to an ozone decomposer that utilizes irradiation by ultraviolet rays of 253.7 nm or treatment with an alkali solution. In 
30 the course of this exhaust system, a cooling mechanism may be provided so that the organic solvent can be recovered 
by liquefaction. In the case when acetic acid is used, it ices or freezes with ease and hence can be recovered at a high 
percentage. Thus, the present invention can be practiced almost without contamination of environment. 
[0035] To make resist-removing treatment according to the present invention, wafers may be put in a carrier and in 
that state may be immersed in ozone-containing acetic acid, where any influence of the carrier as in the case when 
35 immersed in ozone water can be small because of a high resist stripping rate, and resists can uniformly be stripped up 
to peripheral areas. Since, however, the treating solution is repeatedly used in the case of immersion treatment, the dis- 
solved substances may precipitate on the wafer surface to cause contamination conversely, if the wafers having been 
treated are immediately put into a pure-water rinsing bath. Accordingly, an acetic-acid rinsing bath must be used, so 
that the treating solution in the apparatus is in too large a quantity. 
40 [0036] On the other hand, in the treatment utilizing the running film (hereinafter often "running-film treatment ) in 
the present invention, the ozone is in so high a concentration that the treating solution can quickly react against con- 
taminants even in a small quantity, and also contaminants having dissolved come away from treating targets with time 
as the solution moves. Hence, a higher ability of removal than immersion treatment can be achieved. The movement of 
the solution in the form of a film utilizes flow-down of the solution, or its spread by centrifugal force from the center of a 
45 treating target. The movement of the solution may be as slow as 1 to 3 mL per minute as feed quantity on a six-nnch 
wafer, and is sufficient at such a speed. As the apparatus, it may be set up in the same manner as conventional spray 
cleaning apparatus, sheet-by-sheet spin-cleaning apparatus or vapor cleaning apparatus. 

[0037] In the running-film treatment that is a characteristic feature of the present invention, in order to make high its 
ozone concentration quickly and also maintain the concentration, it is effective to provide a chamber of the above appa- 
so ratus with ozone gas inlet and outlet (exhaust vent) and fill the chamber with ozone gas; this is another characteristic 
feature of the present invention. It, however, is not particularly necessary to introduce ozone gas into the chamber, 
when a high-concentration ozone gas having an ozone concentration higher than 200 mg/L is used. 

EXAMPLES 

55 [0038] Ozone gas used in the following Examples is an ozone gas having an ozone concentration of about 200 
mg/L which is obtained by flowing into a small-sized discharge type ozone generator 0.5 to 2 L/minute of oxygen con- 
taining 1% of nitrogen. As acetic acid in which ozone gas is absorbed, one having a purity of 99% (the remainder .s 
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water) Is used. Photoresist films to be removed by the treatment in the respective Examp.es have £££££ ™ 
nm or 1 5 urn which are formed on p-type silicon wafers prov.ded with an ox.de film of 1 00 nrn ^ck. Processing to o 

ttata£ri£?» carried out in a standard procedure by means of a coating apparatus, taken ,n conventual LSI 
stei Rrst w^were coated with HMDS, and then processed at 100°C for 1 minute including vacuum drawing . W- 

5 25 b T^TngTo room temperature. Thereafter, a novolak resin resist was coated ^ZZ£^£ S 
resist film was baked at 140°C for 1 minute, and the thick one at 90°C for 2 m.nutes. For the latter, samples .on 
implanted at a high dose were also prepared. 13 
f00391 Since in high-degree VLSI it is desired for organic matters to remain only in a very small quantity (2 x 10 
at2cm4 lets as organic carbon concentration) after the stripping of resists, the quantity of organ.c matters rema n 

,o 5£ silicon oxide filmTafter the stripping of resists in the fol.owing Examples was 

of surface organic carbon by high-sensitivity charged-particle activation analys.s d.sclosed .n Japanese La.d-open Pub- 

Sur'ThecSalTe^^ 
s ng samples contamLted intentional* strongly with organic matters and by the same 
,5 analysis as the above to examine whether or not the residual organic carbon concentration sufficiently decreased I after 
deanfna Ilso since the greater part of contaminants which contaminate silicon wafers .n clean rooms 
tor facSies teK^miol OOP OOP labeled with «C was synthesized, and silicon wafers contaminated .ntentionally 
w^were useTlhe residue after c.eaning was determined by measuring radioactivity by rad.o.um.nography mak- 

20 JUST ^ wit?— ants having deposited on planes are oils and fats and oils or HMDS, ^nes hav 
large water-drop contact angle. Accordingly, the cleaning effect against such contam.nants was also judged by whether 
or not the water-drop contact angle became small to about few degrees. 

Example 1 

^ ^eace=ds= 

chambe 2 hrough tS J front chamber 1 and can be taken out of the draft through the rear chamber 3; taw **. £ 
ment mechanism being provided in order that the atmosphere containing ozone and acetic acd .n the treating chamber 

an acitic-acid rinsing bath. Also, a quartz glass bath 9 is an overflow rinsing bath, and ^ojes^ that u.trapure 
water can be fed through a feed pipe 11 having a valve 10 and discharged through » 

[0044] Acetic acid is fed to the rinsing bath 8 from a feed pipe 14 havmg a valve 13. ^f^^^^^S 
he rinsing bath 8 is filled enters the ozone treating bath 7. Acetic acid havng been brought through wafer treatment .* 
40 little by little discharged to a waste liquor tank (not shown) through a waste hquor p. P e 17. In each bath, the treating 

s disposed at the bottom of the bath, and is provided with a large number of gas exhafction fine holes^ Hen* ozone gas 
was fed at a rate of 2 Uminute, so that the ozone concentration in acetic acd reached 200 ppm « ^higher , n 5 m.nutes^ 

wl ,Hn ac* aidLs, »*e,. wafa* were aansW to <ha overt.,* i™ing bath 9. an <*££™™ 

55 ^sT^^^Sc acid molecules stand adsorbed and besides the methyl silicon layer remains .n part 
" S^SESS this ozone acetic acid treatment provides a stripping ^~S?S£ — " 
the novolak resin resist, i.e.. has a stripping ability higher by at least one figure than the :ozo ne ^ 
[0048] The acetic acid vapor and ozone gas generated in the draft are d.scharged from the exhaust tube 21 by 
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means of a fan. and are treated for exhaustion as diagrammatical* shown in Fig. 2. Where the ozone <™^«™ ' £ 
acetic acid has become higher than 100 ppm. the bluish purple attributable to ozone becomes clear. Density of this 
color correlates positively with ozone concentration. Hence, the discharging of harmful ozone can be managed to , a mn- 
imum by stopping the feeding of ozone gas once the ozone concentrate has reached a predete rm.ned .value whfe 
5 absorbance for light of 595 nm in wavelength is measured by the aid of a light source 22 and a l.ght-recevmg member 

,00491 A discharge tube 24 connected to an exhaust vent extends up to a freezing chamber 26 having a flow-out 
tube 25 The freezing chamber 26 is held in a heat exchanger 27 which can effect not only cooling but also heating. The 
flow-out tube 25 projects into a sealed tube 30 to which an acetic acid recovery tank 28 is detachably connectable and 

w also an ozorte exhaust tube 29 is attached. A fan 3 1 is connected to the ozone exhaust tube 29. In operatmg the present 
Example, the atmosphere in the hermetically closed draft is drawn out by means of this fan 31. Here the heat 
exchanger 27 is driven to lower freezing-room internal temperature to 10°C or below to cause the acet.c ac.d wh.ch .s 
being drawn out, to freeze in that chamber. The acetic acid having frozen is melted by heating and collected .n a tank 
after a series of operation has been completed. 

,5 [0050] The exhaust having passed through the fan 31 is introduced into a 253.7 nm ultraviolet ray .rrad.ator us.ng 
a low-pressure mercury-vapor lamp, where the ozone and the acetic acid having remained sl.ghtly are decomposed In 
present Example, any smell of ozone and smell of acetic acid were not perceived at all in the atmosphere outs.de 
the draft. 

20 Example 2 

r0051] The immersion in ozone acetic acid for 1 minute in Example 1 resulted in a little large organic carbon resi- 
due. Accordingly, the treatment was made at the same ozone concentration of 200 ppm or higher but carrying out the 
immersion for 10 minutes. Also using wafers with 1.5 urn thick resists ion-implanted at a h.gh dose, the following six 
25 types of samples with addition of a wafer not coated with any resist as a control were set in the earner. Here, for the 
purpose of removing acetic acid molecules adsorbed on the surfaces, the pure-water rins.ng bath 9 was changed for 
an overflow rinsing bath provided with a 1 MHz ultrasonic vibrator at its lower part, where the treatment was made for 
10 minutes. 

30 (1 ) A wafer with 800 nm thick resist. 

(2) A wafer with 1 .5 urn thick resist. 

(3) A wafer B + ion-implanted in a dose of 1 x 10 14 /cm 2 at 30 keV. 

(4) The wafer (3) but subjected to ashing by 1 urn. 

(5) A wafer B + ion-implanted in a dose of 1 x 10 15 /cm 2 at 30 keV. 
35 (6) The wafer (5) but subjected to ashing by 1 urn. 

[0052] On the wafers having been treated, no resist remained in the naked eye examination except that the resist 
clearly remained on the wafer (5). ion-implanted in a dose of 1 x 10 1 W. However, dust count.ng on the surface 
revealed that the resist desorbed from the 1 x 10 15 /cm 2 ion-implanted resist film caused contam.nat.on remarkably. 

40 Accordingly, the treatment was again made excluding the sample (5). As a result, the number of fine part.des of 0.2 urn 
or larger was 15 or less. The charged-particle activation analysis revealed that the organic carbon concentration was (7 
to 10) x 10 13 atoms/cm 2 in all samples. Thus, it is presumed that the resist was completely removed, mcluding the one 
ion-implanted in a dose of 1 x 10^/cm 2 at 30 keV, and the methyl silicon layer was also removed in .ts greater part 
r0053] These wafers was subsequently subjected to the SC-1 cleaning w.th NH 4 OH:H 2 0 2 :H 2 0 - 1.1.12 partly 

45 volume, whereupon the residual organic carbon concentration came to be (4 to 7) x 10 12 atoms/cm 2 in all samples, thus 
both the methyl silicon layer and the adsorbed acetic acid were completely removed. 

Example 3 

so r00541 On account of a great resisW.ssolving ability of the ozone acetic acid, it was tested to remove the resist by. 
as shown in Fig. 3, feeding the ozone acetic acid to wafers by means of a nozzle 32 to allow the running film , to flow 
down A chamber 34 covered with an up and down movable cover 33 is provided with a feed p.pe 36 through which 
ozone gas can be fed by means of a valve 35. and an ozone gas discharge pipe 37, and is also .ncorporated wrtha 
stand 39 on which a carrier 5 holding wafers 4. set therein is slightly swingable around a shaft 38. A valve 40 .s provided 

55 on a discharge pipe 41 for the acetic acid having participated in treatment, which is closed during the treatment and 
discharges the acetic acid after the treatment. Ozone gas is fed into the chamber 34 at a rate of 2 LAn.nute. and also, 
while the carrier is made to swing the ozone acetic acid is sprinkled from the spray nozzle ^"""^^J™ 
wafers. It is sprayed first continuously until the wafer's whole surfaces become wet, and thereafter .nterm.ttently to an 
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extent that the ozone acetic acid drops from the lower ends of the wafers. 

[0055] The ozone acetic acid is sprayed in the manner that ozone acetic acid held in a absorption container 42 of 
impinger structure is sent into a spray pipe 45 under pressure of nitrogen through a three-way cock 43 via an electro- 
magnetic valve 44. The ozone acetic acid is prepared by beforehand sending ozone gas through a feed pipe 47 and a 
perforated nozzle 48 via a valve at a rate of 1 Uminute into acetic acid held in a 500 mL container (not shown), and mak- 
ing the acetic acid absorb the ozone gas. This acetic acid is fed through its feed pipe 49 via a valve 50. 
[0056] The resists were stripped excluding the sample (5) shown in Example 2. Spray treatment was applied for 1 0 
minutes inclusive of the dwell time during intermittent spraying and in a spray liquid quantity of 20 cc per wafer. There- 
after, only nitrogen-containing oxygen was flowed through the feed pipe 36 to allow the acetic acid on wafers to dry. 
These wafers were subjected to SC-1 cleaning in the same manner as in Example 2 whereupon the residual organic 
carbon concentration came to be (3 to 7) x 10 12 atoms/cm 2 in all samples, and the number of fine particles of 0.16 urn 
or larger was 10 or less on all wafers. The same treatment was made but replacing acetic acid with propionic acid, to 
find that there was no significant difference in residual organic carbon concentration from the case of acetic acid. 



15 Example 4 

[0057] The sample (5) in Example 2, i.e., the resist ion-implanted in a dose of 1 x 1 0 1 5 /cm 2 was subjected to ozone 
acetic acid spray treatment in the same manner as in Example 3 except that 1/200 part by volume of hydrofluoric acid 
(49% by weight) was added to acetic acid. After intermittent spraying for 1 0 minute in a spray quantity of 20 cc per wafer, 
20 the resist was little removable but turned brittle apparently. This wafer was subjected to high-pressure jet spraying of 
ultrapure water, whereupon the water-drop contact angle on the oxide film surface became smaller to 5 degrees or less. 
On the other hand, as a result of SC-1 cleaning, the residual organic carbon concentration came to be 6 x 10 
atoms/cm 2 , thus the high-dose ion-implanted resist was removable. 



25 Example 5 

[0058] Four oxidized wafers of the same type as that used in each of the foregoing Examples were intentionally 
contaminated with 7 x 10 11 atoms/cm 2 of Na labeled with ^Na, 2 x 10 11 atoms/cm 2 of Ni labeled with 57 Ni, 5x10" 
atoms/cm 2 of Fe labeled with 59 Fe and 5 x 10 11 atoms/cm 2 of Cu labeled with "Cu, respectively. These were contam- 

30 inated by causing chlorides of the respective elements to adhere substantially uniformly to the wafer surfaces in the 
form of aqueous solutions and by an evaporation method designed therefor, followed by dehydration treatment at 
140°C. Thereafter, HMDS was coated, and the metal contamination removing ability of hydrofluoric-acid-containing 
ozone acetic acid treatment was examined on the case where wafers have strong organic contamination. 
[0059] The same hydrofluoric-acid-containing ozone acetic acid as that in Example 4 was sprayed in the same 

35 manner as in Example 3. The spraying was stopped in 3 minutes, and the wafers treated were rinsed with pure water 
for 1 minute together with the carrier by means of a spin dryer having pure-water rinsing means, followed by drying. The 
water-drop contact angle became smaller to 4 degrees or less on all wafers, and the methyl silicon layer ascribable to 
HMDS was found to have substantially been removed. Also, the measurement of radioactivity of the respective wafers 
revealed that any of the elements was in a residue of 3 x 10 9 atoms/cm 2 , thus this treatment proved to be effective also 

40 for the removal of metal contamination. 



Example 6 

[0060] A wafer of the same type as that used in each of the foregoing Examples was immersed in hydrofluoric acid 
45 to remove its oxide film. On its back (the etch-finished side), 1 x 10 11 atoms/cm 2 of Cu labeled with H Cu, capable of 
radiating rrays in a half-life period of 12.8 hours, was adsorbed through dilute hydrofluoric acid, and further on its back 
1 x 10 14 molecules(2.4 x 10 15 carbon atoms)/cm 2 of DOP labeled with 14 C, having a very long half-life period and capa- 
ble of radiating only p-rays was made to adhere. This sample was subjected to hydrofluoric-acid-containing ozone ace- 
tic acid treatment, pure-water rinsing and drying in the same manner as in Example 5, and then y-rays were measured 
so to find that Cu was in a residue of 2 x 1 0 9 atoms/cm 2 . Also, on lapse of 1 week after the p-rays had disappeared from 
^Cu, p-rays were measured to determine the residue (quantity) of DOP to find that it was 7 x 10 12 atoms/cm as carbon 
concentration. Thus, this ozone acetic acid treatment has a sufficient effect on the removal of contaminants such as 
organic matters and metals adhering to the back. 



[0061] A sheet-by-sheet cleaner capable of dilute hydrofluoric acid spin cleaning, spin rinsing and spin drying was 
remodeled to set up a sheet-by-sheet spin ozone acetic acid treating apparatus as shown in Fig. 4. A cover 53 of a 
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chamber 52 having a spin shaft 51 is internally provided with a low-pressure mercury-vapor lamp 54. Three C-200UZ 
lamps are used in parallel. Part of the cover is formed of a synthetic quarts glass 57 so that 184.9 nm ultraviolet rays of 
the mercury-vapor lamps may reach without loss the surface of a treating target wafer 56 held with a bearer 55. The 
chamber 52 has an ozone gas feed pipe 59 through which ozone gas is fed via a valve 58, and a discharge pipe 60. 
Also attached thereto are an acetic acid feed pipe 61 which rotates only during the ozone acetic acid treatment to drop 
acetic acid or ozone acetic acid to the center of the wafer and an ultrapure-water feed pipe 62 for carrying out ultrapure- 
water rinsing after the treatment. The acetic acid and the ultrapure water are flowed in via valves 63 and 64, respec- 
tively. 

[0062] Using this apparatus, resists were stripped from the sample (1), having a resist film of 800 nm thick, and the 
sample (4), subjected to ashing after ion implantation, shown in Example 2. In each case, the wafer was rotated at a 
number of revolutions of 100 rpm, and ozone gas with an ozone concentration of 200 mg/L was fed at a rate of 2 
L/minute. From the acetic acid feed pipe 61 , 200 ppm or higher ozone acetic acid prepared in an ozone absorption con- 
tainer similar to the one shown in Example 3 was flowed into the center. After the whole surface of the wafer became 
wet, about 80 drops of acetic acid were dropped in 1 minute. Thereafter, ultrapure water was flowed in for 20 seconds 
to carry out spin rinsing, and then the feeding of ozone was stopped. The wafers thus treated were spin-dried at 4,000 
rpm, and thereafter irradiated by ultraviolet rays at 100 rpm for 1 minute. The charged-particle activation analysis of the 
wafer revealed that the residual organic carbon concentration was 3 x 10 12 atoms/cm 2 and 5 x 10 1 2 atoms/cm 2 , respec- 
tively, thus both the resist and the methyl silicon layer were well removed. 



[0063] In the apparatus shown in Fig. 4, used in Example 7, the chamber cover 53 was not provided with the low- 
pressure mercury-vapor lamp so as to merely function as a cover, and meanwhile a dilute hydrofluoric acid feed pipe of 
the same structure as the ultrapure-water feed pipe 62 was additionally provided. The sample (1), having a resist film 
of 800 nm thick, shown in Example 2 was subjected to ozone acetic acid treatment and pure-water rinsing in the same 
manner as in Example 7, and thereafter rinsing with dilute hydrofluoric acid (hydrofluoric acid/water = 1 part by vol- 
ume/50 parts by volume) for 15 seconds and rinsing with pure water for 15 seconds, followed by spin drying in the same 
manner as in Example 7. The residual organic carbon concentration was 1 x 10 13 atoms/cm 2 , which was on a level a 
little higher than that in Example 7, but adsorbed molecules were removed to an extent well feasible for practical use in 
device fabrication. 



[0064] A wafer from which the oxide film was removed as in Example 6 was subjected to SC-1 treatment, and DOP 
labeled with 14 C and dissolved in hexane was coated on the whole surface. Then, the hexane was made to evaporate 
rapidly, thus a sample contaminated intentionally with DOP in a concentration of 1 x 10 14 molecules/cm 2 was prepared. 
[0065] Using the apparatus used in Example 7, propionic acid with a purity of 99% was fed thereinto through the 
feed pipe 61 , the wafer was subjected to 1 minute treatment, pure-water rinsing and ultraviolet irradiation in entirely the 
same manner as in Example 7 except that the wafer was rotated at 50 rpm and the drops after the wafer became wet 
were 50 drops. Measurement of radioactivity made after the treatment was completed revealed that the DOP was in a 
residue of 2 x 10 11 molecules(5 x 10 12 carbon atoms)/cm 2 , thus DOP was well removable. 



[0066] An example in which the running film treatment according to the present invention is made by means of an 
apparatus having a vapor cleaning mechanism is described with reference to Fig. 5. This apparatus is constituted of a 
cover 65 set up and down movable, a heater 67 for heating and vaporizing a dichloromethane solution held at a bottom 
portion 66, a chamber provided with a cooling pipe 70 for cooling sheet-like glass treating targets 69 put in a carrier 68. 
This apparatus is characterized by being provided with an ozone gas feed pipe 73 having a valve 72 and with an ozone 
gas exhaust pipe 74. The feed pipe is, at an end thereof, connected to a perforated pipe 75 for generating fine bubbles 
of ozone gas in the solution to prepare a mixed gas of ozone and dichloromethane. This apparatus is set up with stain- 
less steel sheets and pipes. 

[0067] Glass sheets coated with a pitch for lens polishing were set in the carrier 68 as intentionally contaminated 
samples, and were subjected to vapor cleaning with dichloromethane while ozone gas of about 200 mg/L in concentra- 
tion was flowed at a rate of 2 L/minute to make comparison with vapor cleaning made using dichloromethane alone. In 
both cases, glass sheets were brought into dryness in 10 minutes, and their water-drop contact angles were measured 
to find that contact angles of 30 to 35 degrees in the case of treatment without use of ozone became smaller to about 
10 degrees or less. Thereafter, ultraviolet irradiation using C-200UZ was applied for 2 minutes, so that the water-drop 
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contact angle became smaller to 3 degrees. In the case of the articles cleaned with dichloromethane alone, the ultravi- 
olet irradiation had to be applied for 20 minutes or longer. 

Example 1 1 

5 

[0068] Steel sheets from which oily stains had to be removed as pretreatment for plating were set in the carrier of 
the apparatus shown in Example 9, and were subjected to vapor cleaning treatment and two-minute ultraviolet treat- 
ment in the same manner as in Example 9. As a result, the water-drop contact angle which was 55 degrees before 
cleaning became smaller to 4 degrees. 

10 

Example 12 

[0069] An ozone generator was prepared by which ozone in a high concentration of 200 mg/L to 300 mg/L was 
obtainable at a flow rate of 0.5 to 1 L/minute. An impinger (capacity: 100 mL) made of quartz glass, provided at a nozzle 

15 end with a quartz glass filter, was filled with acetic acid to which water was added in various proportions, where 1 % 
nitrogen-containing oxygen gas containing 220 mg/L of ozone generated by the generator was exhalated to effect bub- 
bling. Considering that ozone stood saturated after 5 minutes, concentrations of ozone dissolved in solutions were 
measured to obtain the results as shown in Fig. 6. The concentrations are determined by volumetric analysis utilizing 
the reaction where potassium iodide changes into iodine with ozone. In Fig. 6, a dotted line and a dotted chain line indi- 

20 cate the relationship between acetic acid concentration of hydrous acetic acid and resultant saturated ozone concen- 
tration (liquid temperature: 20°C). 

[0070] A solid line in Fig. 6 indicates the relationship between acetic acid concentration of ozone-saturated hydrous 
acetic acid and stripping rate against a novolak resin resist IX555 (available from JSR Corporation). This relationship is 
determined by an experiment made in the following way. 

25 [0071] Awaferwitha 100 nm thick oxide film, having been coat-treated with HMDS in the manner as described pre- 
viously, was coated with the above IX555 in a thickness of 1.5 nm, followed by baking at 140°C for 60 seconds to obtain 
a sample. This sample was cut in a square of 2 cm x 2 cm, and was placed at the bottom of a small-size quartz beaker, 
where 10 mL of the above ozone-saturated acetic acid was added. The beaker was shaked to find the time until the 
resist was completely stripped in the naked eye examination. From the values thus obtained, the stripping rate was cal- 

30 culated. 

[0072] As can be seen from Fig. 6, when ozone gas with a ozone concentration of 220 mg/L is used, ozone satu- 
ration quantity is 380 mg/L and the stripping rate of acetic acid with a purity of 98% or higher against the novolak resin 
resist IX555 reaches as high as 6 u.m/minute or more. Thus, in the present invention, where the ozone concentration in 
acetic acid is close to 400 mg/L, a resist film with a thickness of 1.5 um can be removed in a very short time of about 
35 15 seconds. 

Example 13 

[0073] When as shown in Example 1 2 the concentration of ozone gas is made high and the glass filter is used for 

40 exhalating the ozone, acetic acid with a ozone concentration as high as about 400 ppm is obtainable with ease and the 
novolak resin resist can be removed upon contact for 30 seconds or shorter. Hence, it can be said to be suited to use 
a sheet-by-sheet spin cleaning mechanism for making the treatment with acetic acid having such a high ozone concen- 
tration. Accordingly, using the sheet-by-sheet spin cleaning mechanism shown in Example 7, a resist-removing appa- 
ratus as cross-sectionally shown in Fig. 7 was set up. 

45 [0074] A treating target wafer 56 in such sheet-by-sheet spin treatment is so set as to be spin-rotated by the driving 
of its bearer 55 around a spin rotating shaft 51 by means of a rotary mechanism 76, and is surrounded with the wall of 
a chamber 52 which collects a treating solution that scatters during spin treatment. This sheet-by-sheet treating mech- 
anism, a support stand 78 of a wafer cassette 77 for holding all treating target wafers, and a transport robot 79 which 
automatically takes the wafer in and out between this cassette 77 and the bearer 55 are provided inside an explosion- 

50 proof casing 80. Incidentally, also provided is a mechanism for automatically opening a part 81 of the wall of the cham- 
ber 52 when the wafer is taken in and out. The wall of this casing 80 is provided therethrough with a treating solution 
feed pipe 83 having at its end a nozzle 82 from which ozone acetic acid is released over the wafer surface and an acetic 
acid feed pipe 85 having at its end a nozzle 84 from which acetic acid for rinsing is released over the wafer surface. Inci- 
dentally, this two feed pipes may be put together into one by making operation with a valve. 

55 [0075] The wall of the casing 80 is also provided therethrough with a liquid discharge pipe 86 from which acetic acid 
collected at the bottom of the chamber 52 is discharged, a gas feed pipe 87 for displacing the atmosphere inside the 
casing, and an ozone exhaust tube 37 through which a gas is sent to an ozone decomposer (not shown) making use of 
a catalyst such as Mn. Incidentally, the casing is provided with a door 6 which can be opened and closed to take the 
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wafer cassette 77 in and out. and is opened or dosed only when the ozone and acetic acid are discharged out of the 
atmosphere inside the casing. 

[0076] Ozone acetic acid solution can be prepared by sending ozone gas into acetic acid 88 held in an ozone 
absorption container 42, from an ozone exhalator 89 making use of quartz glass, through a pipe 59 having a valve 58. 
Usually, gas-feeding for 5 minutes makes ozone concentration become saturated. This solution is sent to a nozzle 82 
for a predetermined time through the feed pipe 83 via a solution feed pump made of Teflon, denoted by P, and through 
a dusting precision filter denoted by F. The acetic acid is fed to and discharged from the ozone absorption container 42 
through a pipe 91 having a valve 90. Acetic acid 92 for rinsing is held in a separate container 93 and is fed through a 
pipe 95 having a valve 94. The rinsing solution is sent to a rinsing nozzle 84 for a predetermined time through a pipe 85 
via a solution feed pump and a dusting precision filter. 

[00773 Six-inch wafers with 1 00 nm thick oxide films were coated with HMDS and 1 .5 urn thick IX555 photoresist 
films were further formed, followed by baking at 140°C for 60 seconds in the manner as described previously, to prepare 
25 sheets of wafers. These were put in the cassette 77 and set in the manner as shown in Fig. 7. 
[0078] The ozone acetic acid reached the highest ozone concentration 380 mg/L in about 5 minutes when about 
300 mL of acetic acid was put into the ozone absorption container 42 and nitrogen-containing oxygen with an ozone 
concentration of 220 mg/L was exhalated from ozone exhalator at a flow rate of 1 L/minute to effect bubbling. The wafer 
56 was rotated at 1,000 rpm and the ozone acetic acid was released from the nozzle 82 at a rate of 1.5 mL/second, 
whereupon the resist of the whole surface was stripped in 15 seconds in the naked eye examination. The ozone acetic 
acid was further continued to be released for 20 seconds, and the acetic acid held in the acetic acid container 93 was 
released from the nozzle 84 at a rate of 1 .5 mL/minute to effect rinsing for 10 seconds. Then the rotation of the wafer 
was increased to 4,000 rpm to effect spin drying for 30 seconds. The wafer having been treated was sheet-by-sheet- 
changed for untreated wafers until 25 sheets of wafers were continuously completely treated, where, although decom- 
position residues of the resist in the ozone absorption container 42 should have accumulated, the time of about 1 5 sec- 
onds taken until the resist was stripped in the naked eye examination did not change to the last. 
[0079] The cassette holding the wafers from which resists were all completely stripped was taken out of the casing, 
and subjected to overflow rinsing with ultrapure water for 10 minutes by means of a conventional cleaning apparatus, 
followed by spin drying. From these wafers, chips were cut out in a square of 2 cm x 2 cm each. Examination of their 
residual organic carbon concentration by charged-particle activation analysis revealed that it was (0.8 to 2.6) x 10 
atoms/cm 2 , thus it was found that not only the resist but also the HMDS film were almost removed. 
[0080] The reason why any deterioration of the treating solution is not seen in this way is presumed to be that the 
ozone in a high concentration is always present when waste ozone acetic acid is returned to an ozone saturation con- 
tainer after the sheet-by-sheet treatment and hence the decomposition of resists having dissolved proceeds powerfully 
until it is purified at a purification level high enough to be reused, and meanwhile the acetic acid little changes even with 
the high-concentration ozone. More specifically, it can be said that this treatment enables circulating use of the treating 
solution and acetic acid required anew is only that used for rinsing. The portion of the rinsing solution is little by little 
discharged by operating the valve 90, since the solution in the ozone absorption container 42 increases. However, the 
portion having been discharged also contains acetic acid in a high purity, and hence the acetic acid can be recovered 
by distillation in a very high recovery and can be used for the rinsing. 



[0081] A technetium gas apparatus used for medical diagnosis of the respiratory system is an apparatus which pro- 
duces an atmosphere of argon in which carbon dust in the form of ultrafine particles of 0.1 um or smaller diameter has 
been dispersed. Such fine particles are labeled with 99m Tc having a half-life period of 6 hours. Using this apparatus, the 
film face of the wafer with a resist film used in Example 1 3 was contaminated, and the radiation dose ascribable to car- 
bon particles adhering to the whole surface was determined by radioluminography using an imaging plate. As a result, 
radioactivity of 2,600 PSLVcm 2 was observable. A sheet-by-sheet laboratory device used exclusively for radiation exper- 
iment was set up, and the resist was removed under the like stripping conditions using an acetic acid solution having 
the same ozone concentration as that in the previous experiment, followed by acetic acid rinsing and then drying. Meas- 
urement similarly made by radioluminography revealed that the radiation dose based on residual carbon particles was 
20 PSL/cm 2 or less of the background. This ozone acetic acid treatment was found to be effective also for the removal 
of fine particles. 



[0082] The ozone concentration in the ozone acetic acid solution also increases proportionally to the ozone con- 
centration of the gas exhalated into acetic acid, inaccordance with the Henry's law. The relationship between acetic acid 
concentration of hydrous acetic acid and saturated ozone concentration in the case where ozone concentration in the 
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gas is 280 mg/L, is calculated and shown in Fig. 6 by alternate long and short dash lines. 

[0083] Explosion-proofing of the apparatus becomes unnecessary when acetic acid concentration is lowered to 
80% by volume, bringing about many advantages on structure. Even when water content is in such an extent, the ozone 
concentration in acetic acid comes to be 250 ppm when the ozone concentration in the gas being exhalated is set to be 
280 mg/L, and the stripping rate against the novolak resin resist can be about 1 um/minute. This enables sheet-by- 
sheet treatment. . 
[0084] An experiment was made in the same manner as in Example 1 2 except that the resist film was formed in a 
layer thickness of 800 nm using novolak resin resist IQ2002 (available from Tokyo Ohka Kogyo Co.. Ltd.), the ozone 
concentration in oxygen was changed to 280 mg/L. the acetic acid was used in an amount of 80% by volume (the 
remainder was water) in both the containers and the ozone acetic acid was released for a time of 1 minute. 
[0085] Resist stripping time was 45 seconds on the average in the naked eye examination. Measurement of resid- 
ual organic carbon concentration revealed that it was all 3 x 10 13 atoms/cm 2 or less, thus the HMDS layer was remov- 
able in its greater part. As a result of SC-1 treatment further made thereafter, the residual organic carbon concentration 
was 5 x 10 12 atoms/cm 2 or less, thus a cleanness which could be said too sufficient was attained. 
[0086] In an attempt that positive resists on oxide films are removed in a semiconductor lithographic process to the 
level of a residual organic carbon concentration of 10 13 atoms/cm 2 or less, inclusive of interfacial methyl silicon layers 
due to primers HMDS for the resists, conventional methods require to make the piranha treatment under sufficient com- 
positional control and make the SC-1 treatment subsequently. The piranha treatment requires high-temperature treat- 
ment at about 130°C. and its solution component H 2 0 2 decomposes into H 2 0 to thin the solution to become less 
effective. Besides, in that course, sulfuric acid turns misty to become scattered to cause an important problem on coun- 
termeasures to environmental pollution. In the present invention, ozone treatment is made, and hence, although a her- 
metically closed system is required, the exhaust ozone gas can readily be decomposed, and also the organic solvent 
such as acetic acid may less scatter because the treatment is made at room temperature. Also, when acetic acid is 
used it can be recovered by cooling prior to decomposition treatment. In the present invention, the ozone acetic acid 
; solution after cleaning treatment may be returned to the ozone dissolution (absorption) solution bubbled with ozone. 
Since ozone has a high ability of decomposing target contaminants as exemplified by novolak resin resists, in the case 
of such resists, the resin and a photosensitive-agent naphthoquinone azide decompose into glyoxal and glyoxyhc acid, 
the former being via maleic acid or the like from muconic acid and the latter being via phthalic acid or the like, and finally 
decompose from formic acid to water and carbon dioxide. Namely, in the course of this bubbling with ozone, punfication 
> is effected and the acetic acid is used over a long lifetime. In short, the organic solvent is purified with ozone, and may 
be used in a very small quantity to bring about an economically advantageous effect, whereas other resist removers 
merely dissolved may deteriorate as a result of accumulation of dissolved matters. Hence, in the present invention, both 
ozone and such an organic solvent make it easy to take countermeasures to environmental pollution. In particular, ace- 
tic acid has so weak a toxicity as to promise a high safety. 
5 [0087] In addition, compared with the piranha treatment and conventional ozone treatment, the treatment method 
of the present invention can achieve a stripping rate against such resists which is higher by one figure to two figures. 
This is because the organic solvents used in the present invention have an ozone solubility about 10 times that of water, 
and also these organic solvents may hardly decompose with ozone. Also, these organic solvents have a small surface 
tension and can readily spread over treating target surfaces, and hence the treating target surfaces can be treated in a 
o good efficiency by means of the organic solvent running film with a high ozone concentration. Hence, they can be 
treated in a small liquid quantity, and the running film treatment is made in an atmosphere of ozone in order to maintain 
the ozone concentration in the running film at a level as high as possible. Thus, the ozone gas also may be used in a 
smaller quantity than the case of the ozone water treatment. 

[0088] The treatment by the present invention has a very high ability of stripping positive resists, and hence a chem- 
,5 leal action (embrittlement) can be provided that is good enough to be able to readily dissolve the resist B + ion-implanted 
in a dose of 1 x 10 14 /cm 2 , and even dissolve the resist B + ion-implanted in a dose of 1 x 10 ia /cm' as long as high-pres- 
sure jet spray cleaning is subsequently carried out. In the case of the resist whose ion-implanted layer has been sub- 
jected to aching, it is also possible to remove it by the sheet-by-sheet treatment with ozone acetic acid solution for 1 
minute Moreover, since the solution has a small surface tension, in the step of fabricating devices having fine patterns, 
so the resist can effectively be removed up to every corner of the patterns, and fine particles can also be well removed. 
Also because of acid treatment having a strong oxidizing power attributable to the high ozone concentration, metal con- 
tamination can also be removed. Thus, the present invention can be effective for removing various contaminants and 
also provides an advantage as a cleaner. 

[0089] Molecules of carboxylic acids such as acetic acid are ionized during the pure-water nnsing made subse- 
55 quently Ionized molecules of these tend to be oxidized. For example, in ultraviolet ozone treatment, they decompose to 
disappear in a very shot time. Besides, they do alike also in alkali-hydrogen peroxide treatment. Thus, the present 
invention has a cleaning effect by which the surface organic carbon concentration is made to reach the order of 10 
atoms/cm 2 . 
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[0090] The running film treatment by moving an ozone organic solvent in an atmosphere of ozone according to the 
present invention can be applied with ease to vapor cleaning with dichloromethane, as having a high ozone solubility 
and a small surface tension and also having a relatively low toxicity. This treatment, when made in combination with 
short-time ultraviolet ozone treatment, has the effect of simplifying high-level removal of contaminants such as organic 
matters when adhesion of water is not preferable. 

[0091 ] The features disclosed in the foregoing description, in the claims and/or in the accompanying drawings may, 
both separately and in any combination thereof, be material for realising the invention in diverse forms thereof. 



1 . A method of removing surface-deposited contaminants, comprising bringing an ozone-containing treating solution 
into contact with the surface of a treating target on which contaminants have deposited; said ozone-containing 
treating solution comprising an organic solvent having a partition coefficient to ozone in a gas, of 0.6 or more, and 
ozone having been dissolved in the solvent. 

2. The method according to claim 1 , wherein a running film of said treating solution is formed on the surface of the 
treating target on which contaminants have deposited, and said ozone-containing treating solution is brought into 
contact with the surface of the treating target while the treating solution is continuously or intermittently replenished 
to the running film to move the solution in the form of a film. 

3. The method according to claim 1 , wherein a running film of said organic solvent is formed in an ozone-containing 
gas on the surface of the treating target on which contaminants have deposited, and said ozone-containing treating 
solution is brought into contact with the surface of the treating target while the organic solvent is continuously or 
intermittently replenished to the running film to move the solution in the form of a film. 

4. The method according to claim 2, wherein said ozone-containing treating solution or organic solvent is fed by spray- 
ing. 

5. The method according to claim 3. wherein said ozone-containing treating solution or organic solvent is fed by spray- 
ing. 

6. The method according to claim 1 , wherein after the treatment to remove the contaminants said ozone-containing 
treating solution is returned to an organic-solvent container for dissolving the ozone in said organic solvent, and is 
circulatingly used as a treating solution for treating another treating target. 

7. The method according to claim 3, wherein said organic solvent is fed by condensing a vapor generated from said 
solution, having been heated, on the surface of said treating target, having been cooled. 

8. The method according to claim 1 , wherein said organic solvent is a fatty acid represented by the formula: 
C n H 2n+ i(COOH) wherein n is an integer of 1, 2 or 3. 

9. The method according to claim 8, wherein water containing an inorganic acid in an amount not more than 5% by 
volume is added to the organic solvent comprising said fatty acid. 

10. The method according to claim 8, wherein the organic solvent comprising said fatty acid contains water in an 
amount of from 1 5% by volume to 30% by volume. 

11. The method according to claim 1, wherein said organic solvent is dichloromethane. 

12. An apparatus for removing contaminants having deposited on the surface of a treating target; the apparatus com- 
prising: 



a container in which a treating solution is prepared by dissolving ozone in an organic solvent having a partition 

coefficient to ozone in a gas, of 0.6 or more while the organic solvent is bubbled with a gas containing ozone; 

a piping system for transporting the treating solution to a treating chamber having a bottom; 

a mechanism for forming a running film of the treating solution on the whole treating surface of a treating target 

on which contaminants have deposited and for moving the solution in the form of a film; and 

a piping system for returning to the container the solution having reached the bottom of the treating chamber 
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after treatment. 

13. An apparatus for removing contaminants having deposited on the surface of a treating target; the apparatus com- 
prising: 

a chamber having an inlet and an outlet, of a gas containing ozone; and 

a mechanism for forming a running film of an organic solvent having a partition coefficient to ozone in a gas. of 
0.6 or more on the whole treating surface of a treating target held in the chamber, and for moving the solution 
in the form of a film. 

14 The apparatus according to claim 1 2, wherein said mechanism for forming the running film is a sprayer provided at 
the upper part or side of the treating target held in the chamber, and driven continuously or intermittently. 

15 The apparatus according to claim 13. wherein said mechanism for forming the running film is a sprayer provided at 
the upper part or side of the treating target held in the chamber, and driven continuously or intermittently. 

16. The apparatus according to claim 13. wherein said mechanism for forming the running film of an organic solvent 
and moving the solution in the form of a film is a vapor cleaning mechanism comprising: 

a container of said organic solvent, provided beneath the treating target held in the chamber; 
a heater for heating a solution of the organic solvent; and 
a cooler provided at the side of the treating target. 

17. An apparatus for removing contaminants having deposited on the surface of a sheet-like treating target; the appa- 
ratus comprising: 

a mechanism for forming a running film of a treating solution in which an organic solvent having a partition coef- 
ficient to ozone in a gas, of 0.6 or more has been dissolved and for moving the solution in the form of a film; 
said mechanism comprising a mechanism for rotating the sheet-like treating target in the chamber in the state 
» the treating target is substantially horizontally held, and a mechanism for releasing the solvent onto the sheet 

surface. 

18. An apparatus for removing contaminants having deposited on the surface of a sheet-like treating target; the appa- 
ratus comprising: 

a mechanism for feeding a stated quantity of a treating solution comprising a fatty acid represented by the for- 
mula: C n H 2n+ ,(COOH) wherein n is an integer of 1 , 2 or 3, in which ozone has been dissolved in a concentra- 
tion of 100 ppm or more; 

a chamber having a feed pipe for feeding the treating solution, provided with a nozzle at its feeding end. a 
o waste liquor discharge pipe, a feed pipe for exhaust gas and a discharge pipe thereof, and an open-close door- 

way for taking the treating target in and out; 

a mechanism for rotating the treating target in the chamber so that the solution fed from the nozzle forms a run- 
ning film of the solution; and 
a mechanism for transporting the treating target. 

1 9. An apparatus for removing contaminants having deposited on the surface of a sheet-like treating target; the appa- 
ratus comprising: 

a mechanism for feeding a stated quantity of a fatty acid represented by the formula: C n H 2n+l (COOH) wherein 
so n is an integer of 1 . 2 or 3. in which ozone has been dissolved in a concentration of 1 50 ppm or more or option- 

ally 200 ppm or more and which contains water in an amount of from 15% by volume to 30% by volume; 
a chamber having a feed pipe for feeding the treating solution, provided with a nozzle at its feeding end. a 
waste liquor discharge pipe, a feed pipe for exhaust gas and a discharge pipe thereof, and an open-close door- 
way for taking the treating target in and out; 
55 a mechanism for rotating the treating target in the chamber so that the solution fed from the nozzle forms a run- 

ning film of the solution; and 
a mechanism for transporting the treating target. 
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20. The apparatus according to claim 17. which further comprises a mechanism for irradiating the sheet-like treating 
target with ultraviolet rays via a synthetic quartz glass plate provided in the chamber. 

21 . A cleaner for removing contaminants, comprising an organic solvent having a partition coefficient to ozone in a gas. 
5 of 0.6 or more, and ozone having been dissolved in the solvent. 
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Fig. 3 
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Fig. 6 
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